Recently, the use of public transport has become widespread with the increasing population. This brings with it many problems. Since the points of payment kiosks are not regularly distributed where the population is concentrated, the most important problem is accessing to these kiosks. The accessing analysis of passengers covered by payment kiosks in Gaziantep, Turkey is considered in this study. 177 different locations which have the densest population are considered as the demand points and 379 payment kiosks are considered as the source points. All spatial data are obtained using a geographic information system (GIS). The goal of this study is to maximize the rate of passengers (demand points) who try to access to the payment kiosks. To do so, two different location-allocation analysis which are set covering and p-median models were applied using mathematical modeling approach. As a result, the required number of kiosks and coverage distances were determined to satisfy all demand. Eren ÖZCEYLAN https://orcid.org/0000-0002-5213-6335 Barış ÖZKAN https://orcid.org/0000-0001-7767-4087 Cite as: Ozceylan E, Ozkan B. 2019. Accessing analysis of passengers covered by payment kiosks: a case for the Gaziantep public transportation system. BSJ Eng Sci, 2(3): 73-80.
Introduction
Continuous expansion of the cities, development of multicenter urban structure and changes in population density has affected the traffic and increased congestion. For that reason, the urban transportation has been one of the most important problems of big cities in developing countries. Public transportation is one of the solution approaches to decrease the negative effects of traffic. In big cities of the world, public transport constitutes 50% of urban travel (Koryagin, 2018) . For many years, the use of an electronic smart card as an alternative means for users to access and pay for transport services is a viable option. For that reason, the mutual influence between the passengers and ancillary items such as payment machines or kiosks in the urban transport system becomes more significant. To gain the maximum benefit from this system, the placement of transportation tools and guiding urban travels towards BSPublishers Black Sea Journal of Engineering and Science them has found a crucial role in decreasing traffic problems. Analyzing the geographic locations of ticket machines or kiosks and their accessibility are directly deal with location and allocation problems. Research on urban transportation literature spreads on a large area. While some of the researchers discuss the passengers' behavior in urban transportation (Choi et al., 2013; Brette et al., 2014) , some of them investigate the environmental effects (He et al., 2011; Cheng et al., 2015) and optimization of the transportation network systems (Pu and Ma, 2014; Balabanov et al., 2016) . The paper of Van Oudheusden et al. (1987) which is one of the earliest studies in literature applied set covering model to solve the practical problem of bus route network design. Possible bus routes are identified with facilities, which can be located, and zones in the urban area are identified with customers who will be allocated to the established facilities. Then, Murray (2001) addressed strategic aspects of public transport in Brisbane, Australia using a commercial GIS integrated with various spatial analytical techniques including a location covering model. As a sharing transportation system problem, Amoroso et al. (2015) proposed a study to find the best location for the bicycle lots in the old town of Palermo. The optimization method includes the use of both a set covering model and a maximum coverage location problem. Feng et al. (2016) proposed a setting method of passenger sites on inter-city expressway to facilitate residents travel along inter-city expressway. Optimization model was established with the target of minimizing total walking distance to determine the best place of each passenger site corresponding with settlement set. Finally, Mete et al. (2018) applied five different locationallocation models such as set covering, p-median and pcenter in order to find possible locations of the bike sharing stations for university students. The purpose is to minimize the total walking distance in a campus. In addition to the aforementioned existing studies, the reader is referred to Farahani et al. (2018) for an excellent review of the operations research models in urban service facility location. When the existing studies are investigated, it is clear to see that there is still a gap to be filled on location and allocation of payment machines or kiosks mathematically. In view of this, current locations of smart card kiosks in Gaziantep, Turkey are investigated to provide optimal distribution for the passengers. To do so, a two-step approach is followed. First, geographic information of 379 kiosks as source node and 177 neighborhoods as demand node are gathered using GIS. Secondly, P-median and set covering models are applied.
Location-Allocation Models
Spatial distribution of the ticket machines or kiosks is an important issue in public transportation systems to increase the accessibility. Thus, in this section, the location-allocation models used in this study to ensure the optimal distribution of the ticket kiosks were described. A) is a fully connected network and N is the set of nodes while A is set of edges between these nodes ( = {( , )| ≠ , ∈ }). N consists of nodes, I consists of demand nodes (passengers) and K consists of source nodes (kiosks). There are distances identified as dik between all node pairs within the network. The set covering problem is identified as a facility location selection problem in a way to reach every cluster at least once in a predetermined time on this network. The formulation of the set covering problem as follows (Beasley, 1987) :
Set covering problem G (N,
The objective function (1) is to minimize the number of source nodes (kiosks) to be opened. Constraint (2) is to provide a service from at least one opened kiosk to all passengers within the predetermined time or distance. Constraint (3) is the sign constraint of the decision variable. Here, aik is a parameter:
P-median problem
In addition to the model in sub-section 3.1, the P-median problem tries to determine P amount candidate facility (kiosks) that is scheduled to open and which passengers will be assigned to each kiosk (Mladenović et al., 2003) . The formulation of the P-median problem is given as follows (Teixeira and Antunes, 2008) :
The objective function (4) is to minimize the total travelled distance between passengers and kiosks. Constraint (5) provides the assignment of each passenger to a kiosk. While constraint (6) provides the assignment of passengers to the opened kiosks, constraint (7) helps us to determine a limit for the number of kiosks which should be opened. Constraint (8) is the sign constraint of the decision variables.
Location-Allocation Models
In this section, the current locations of kiosks in the province of Gaziantep were examined. Their accessibility and spatial distributions were discussed using mathematical models described in the previous section.
Set covering problem
This section presents the results of implementing the mathematical models on a city-wide area. The study area, Gaziantep, is the 8 th most crowded city of Turkey. The city has a mean elevation of 814 meters, and in 2018, its population was 2,005,515 with a total acreage of 7,642 km 2 . The city is an important commercial and industrial center for Turkey and is located at 37°04′North, 37°23′East (Figure 1) . The city center of Gaziantep is considered as the study area. The geographical position of every node is defined by cartographic coordinates (longitude and latitude in meters). ESRI ArcGIS 10.2 software as a GIS was used to calculate the real distances between the facilities in the network. The road network is shown in Figure 3 . The network distances between the all nodes are available upon request.
Application of the location-allocation models
In this section, previously described two mathematical models were applied to the given problem in the former section. In all mathematical models, kiosks are represented by k and neighbourhood nodes are represented by i. We took all of runs on a server with 1.8 GHz Intel Core processor and 4 GB of RAM and the computation time required to solve the model optimality using the GAMS-CPLEX is less than 10 CPU seconds.
The result of set covering model
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The result of P-median model
In addition to the set covering model in previous section, P-median model was also implemented to allocate kiosks to the demand points (passengers). We implement the Pmedian model with different p values by setting it from 1 to 379. The results of P-median problem are shown in Figure 6 . Figure 6 shows the total walked distance regarding to the number of opened kiosks (p). It is clear to see that there is no improvement in the objective function after 135 kiosks. It means that the geographical distribution of 135 kiosks is enough to be accessed by all passengers. Figure 6 also says that decreasing the number of opened kiosks from 135 to 1 increases the total walking distance by 667%. The illustrations of four P-median cases are shown in Figure 7 . Although all the passengers can reach a kiosk in four cases, it is clear that there is no a balanced distribution. For instance, in the case of p=1, while the total walking distance is 596 km between all passengers and 74 th kiosk, the maximum distance among 177 assignments to 74 th kiosk is 24 km. a similar situation can be observed in the case of p=135. Most of the passengers can access a kiosk in a very short distance; only the three demand nodes become distanced from the nearest kiosks. 
Conclusion
In this paper, current locations of transportation kiosks in Gaziantep are investigated to analyze accessibility to the passengers. To do so, firstly geographic information of 379 kiosks and 177 populations' nodes are determined using GIS. Secondly, set covering model to investigate the coverage and P-median model to investigate the required number of kiosks are applied. Computational experiments on the case study prove that less than 379 kiosks are enough for all the passengers however the spatial distribution of kiosks are not well-balanced. For future studies, (i) a web-based GIS application should be developed, (ii) other location-allocation models such as P-center and maximal covering problems should be considered, and (iii) investigated area should be expanded. In this case, heuristics should be required to obtain a near optimal solution.
